Seventeen strains of mycobacteria, recovered from six armadillos experimentally infected with Mycobacterium leprae, were examined in ten different laboratories. This collaborative study included use of conventional bacteriological tests, lipid analyses, determination of mycobactins and peptidoglycans, characterization by Py-MS, and immunological, metabolic, pathological and DNA studies. These armadillo-derived mycobacteria (ADM) formed five homogeneous groups (numbered ADM 1 to 5) on the basis of phenetic analyses. However, DNA studies revealed only four homogeneous groups since group ADM 1 and one of the two strains in group ADM 3 showed a high level of DNA relatedness. The phenetic and DNA studies confirmed that the ADM strains differed from all other known mycobacteria. Cultural, biochemical, metabolic and pathogenic properties as well as DNA-DNA hybridizations clearly differentiated these ADM from M . leprae.
butanol (2 :3 :3, by vol.); system 11, kieselgel 60, 10 x 20cm with a 2.5 x lOcm concentrating zone (Merck/BDH), developed as for system I ; system 111, high performance thin-layer plates 10 x lOcm with a 2-5 x 10 cm concentrating zone (Merck/BDH), developed as for system I ; system IV, alumina GF, 20 x 20 cm (Analtech), developed with cyclohexane/n-butanol (9 : 1, v/v); system V, plates as for system I but using propan-2-01 as solvent.
Peptidoglycan analyses. Wet, 'fixed' cells from four strains (8251, 8507,851 1 and 8480) were dried in vacuo over NaOH. Dried cells were extracted twice for 24 h with ethanol/diethyl ether (1 : 1, v/v), then dried. Cells (about 100 mg of each strain) were broken in 5 ml saline for 20 min, using a Dawe Soniprobe ultrasonic generator operating at 80 W. The suspensions were contained in a thin stainless-steel tube cooled in ice-water. Unbroken cells were collected by centrifugation at 3000g for 10 min, then the walls were collected by centrifugation at 27000g for 1 h. Walls were suspended in 5 ml 0.1 M-HEPES buffer, pH 7-5, containing 1 mM-Mg2+, 0.2% (w/v) sodium azide, RNAase (100 pg ml-I) and DNAase type I (about 50 pg ml-') and incubated at 37 "C for 24 h. Trypsin and chymotrypsin (each about 100 pg ml-*) were then added and incubation was continued for a further 24 h. Walls were collected by centrifugation at 27000g for 1 h, suspended in 1 % (w/v) SDS at room temperature for 24 h, sequentially washed with water, 1 M-NaCI and water, and finally freeze-dried. Yields for the four strains were between 1 and 2% of the original bacterial suspension. Walls were hydrolysed in sealed tubes with 4 M-HCI at 105 "C for 16 h (0.5 ml acid, 1-2 mg walls). The hydrolysates were filtered through Whatman no. 50 paper to remove lipids, then evaporated over NaOH in vacuo and submitted to automatic amino acid analysis.
Characterization by Py-MS. Curie-point pyrolysis coupled on-line to low-resolution mass spectrometry was used to analyse intact cells from nine strains (8480, 8483, 8560, 8507, 8563, 8608, 8634, 8637 and 8668). Py-MS instrumentation and analysis conditions were as described by Wieten et a/. (1983) . The taxonomic and chemical relationships among the strains were deduced from the Py-MS data by discriminant analysis (Wieten et al., 1983) using the Arthur data handling package, as modified by Hoogerbrugge et a/. (1983) .
Comparative reciprocal intradermal sensitin (CRIS) testing. The ADM strains (825 I , 8346, 8563 and 8608) and reference strains tested are listed in Table 5 . The experimental procedure was as described previously (Magnusson, 1961 (Magnusson, , 1971 Magnusson & Mariat, 1968) . The data presented here were drawn from a series of 12 studies, comprising a total of 92 guinea-pigs. Male albino guinea-pigs (strain Ssc :Al), each weighing 300-350 g, were obtained from the breeding farm 'Hvidesten', Statens Seruminstitut, Copenhagen. The immunogens of the ADM strains consisted of heat-killed culture filtrates, emulsified in incomplete Freund's adjuvant. The other strains were injected as suspensions of dried, heat-killed culture (0.4 mg ml-I) in light paraffin oil (Marcol52). The sensitins used for eliciting skin reactions in the guinea-pigs were heat-sterilized culture filtrates diluted 1 : 5 and 1 :50 (MNC 461, MNC 579, ADM strains), or 1 :50 and 1 :500 (MNC 545), or purified preparations produced by similar methods as used for tuberculin PPD (Magnusson, 1961) . The doses of the latter preparations were 0.2 pg and 2 pg. The diluent for the sensitins was PBS (10 mM-phosphate buffer, 0.85% saline, pH 7.2) with 0.01 % (w/v) Chinosol and 0.005% (w/v) Tween 80. The results of the skin tests were evaluated by calculating the specificity differences of pairs of sensitins (Magnusson, 1961) . The differences are indicated in mm. Each value is the mean difference between eight homologous and eight heterologous reactions.
Metabolic studies. For these studies, ADM strain 8480 was grown in modified Dubos medium. ADM strains 8634, 8251 and 8968 were grown in Middlebrook 7H9 medium except for the experiments involving unbroken ADM, when all were grown in Dubos medium. In all cases, growth was in 25 ml medium contained in 100 ml flasks, which were incubated without shaking for 28 d at 37 "C. Cell-free extracts were prepared by sonicating, in short bursts, for a total of 1 1 min (Wheeler & Gregory, 1980) . Malate dehydrogenase (EC 1 . 1 . 1 . 3 7 ; L-malate : NAD+ oxidoreductase) was detected spectrophotometrically and on polyacrylamide gels as described by Wheeler & Bharadwaj (1983) . Catalase (EC 1.11.1.6; hydrogen peroxide :hydrogen peroxide oxidoreductase) and superoxide dismutase (EC 1 . 1 5 . 1 . 1 ; superoxide : superoxide oxidoreductase) were detected by the methods described by Wheeler & Gregory (1980) . Experimentalpathogenicity for mice. Seven strains (8251,8480,8561,8634,8637,8837 and 9091) were titrated in mouse foot pads as described by Shepard (1960) with 5 x lo3, 5 x lo2, 50 and 5 acid-fast bacilli. The mice were examined at 6,9 and 12 months if the counts did not reach 5 x lo5 acid-fast bacilli per mouse foot pad. Mice were also intravenously inoculated with 0.25 ml saline containing lo7 bacteria. The mice were killed after 2 and 6 months and the livers, spleens, lungs and hearts were examined histologically.
DNA-DNA hybridization. DNA was isolated and purified from seven strains (8251,8346,8563,8608,8634,8837 and 8968) as described by Baess (1974). The purified DNA (800 pg ml-I) was sheared in a French pressure cell press at 14.06 MPa. A molecular mass of 681 kDa (f 5%) for the double-stranded DNA was obtained. For six strains (8251,8480,8634, 8637, 8668 and 8698) the DNA was isolated and purified by T. Imaeda (Imaeda et al., 1982) .
In the laboratory of one of us (I. Baess), DNA-DNA hybridization was measured optically in a spectrophotometer at a temperature of T , -25 "C (T, : temperature at the midpoint of the thermal denaturation In the other participating laboratory (that of T. Imaeda), the methods used for DNA-DNA hybridization and for determination of cotlit values were described previously (Athwal et al., 1984; Imaeda, 1985) .
R E S U L T S
Cultural, physiological and biochemical properties of ADM The 17 ADM strains studied were all Gram-positive, strongly acid-alcohol fast and grew optimally at 37 "C. They may be regarded as slow-growing scotochromogens which can be divided into five groups on the basis of their mycolic acid content and their cultural, physiological and biochemical properties ( Table 2 ). Since previous studies suggested relationships between some ADM and M . avium, M . scrofulaceum or M . gordonae, Table 2 also contains data on these three slow-growing mycobacteria.
Five strains isolated from two different armadillos (AJ and 44) were classified in the first group (ADM I), eight strains isolated from two different animals (AJ and 2457/10) in the second group (ADM 2) and two strains from two different animals (AJ and 5) in the third group (ADM 3). Single strains were classified in groups ADM 4 (8837) and ADM 5 (8968). The five ADM groups differed from M . avium, M . scrofulaceum and M . gordonae by at least two of the characters listed in Table 2 . Thus, groups ADM 1 and ADM 4 resembled M . scrojulaceum but differed by the sensitivity to isoniazid (10 yg ml-l) and to hydroxylamine hydrochloride (250 yg ml-l). ADM 1 and ADM 4 strains also differed from ADM 2 and ADM 5 strains insofar as they did not hydrolyse Tween 80, used glucose as sole carbon source, and did not use nicotinamide as sole nitrogen source. Conversely, ADM 2 and ADM 5 strains hydrolysed Tween 80, did not use glucose as sole carbon source, used nicotinamide as sole nitrogen source and grew poorly on Lowenstein-Jensen medium in subculture, lo6 organisms representing 1 c.f.u. Optimal pH ranges for growth also differentiated ADM 1 and ADM 4 strains from ADM 2 and ADM 5 strains, the latter having a very narrow optimal pH range (5.4-5-7 for ADM 2 strains and 5-5-57 for the ADM 5 strain 8968).
Many properties distinguished the two ADM 3 strains from the other ADM groups and the species listed in Table 2 . These two strains were particularly difficult to grow in subculture; lo6 organisms corresponded to 1 c.f.u. on both Ogawa and Lowenstein-Jensen media. They were inhibited by malachite green and only grew on Ogawa medium without malachite green.
Addition of NaCl (1 %, w/v) stimulated growth. The acid fastness of the two ADM 3 strains was extracted by treatment with pyridine. The narrow optimal pH range (5.8-6-1) also differentiated these two strains from the majority of mycobacterial species. A similar pH range for growth has been found only for M . lepraemurium (Portaels & Pattyn, 1982) .
Lipid analysis
The strains assigned to group ADM 1 gave rise to a single pink spot at the solvent front following TLC according to Jenkins (1 980). In the same conditions, the strains assigned to group ADM 2 produced a dark brown spot in the mid-zone of the chromatogram. The ADM 3 strain tested (8637) had a lipid pattern different from those of the other groups or species.
The investigation of glycolipids according to Portaels et al. (1984) showed the presence of mycoside C-like compounds in one strain of group ADM 1 (8480), in the two strains of group ADM 3 (8637,9091), but not in three strains of group ADM 2 (8251, 8507, 8561). However, the latter three strains contained a specific, very polar acidic glycolipid. The glycolipid fractions of the two strains of group ADM 3 exhibited common components (mycosides C), but some more lipophilic glycolipids were observed only in strain 8637.
According to their mycolate patterns, the ADM strains could be separated into three groups (Table 2 ). All the strains studied, except the two strains of group ADM 3, appeared to contain amycolates, ketomycolates and dicarboxymycolates. Strains 8837 (ADM 4) and 8968 (ADM 5) contained only these three kinds of mycolates, identical to those of the MAIS ( M . avium- intracellulare-scrofulaceum) complex. Strains assigned to groups ADM 1 and ADM 2 also contained methoxymycolates. The mycolate patterns of the two strains assigned to group ADM 3 were unusual in lacking a-mycolate components : only keto-and dicarboxymycolates were observed. However, very small amounts of a-mycolates could be detected by preparative TLC and mass spectrometry. The usual conditions of analytical TLC did not allow their detection. All 17 strains contained long-chain secondary alcohols, identified as mixtures of 2-octadecanol and 2-eicosanol by GC of the lipid fractions in the case of three ADM 1 strains (8346, 8480, 8634) , three ADM 2 strains (825 1, 8507, 8561) and the two ADM 3 strains (8637, 9091) . The presence of these long-chain secondary alcohols in the hydrolysates or methanolysates of mycobacteria containing dicarboxymycolates is a general feature, since in these bacteria these two kinds of compounds are linked by an ester bond.
The presence of dicarboxymycolic acids was also detected in all nine ADM strains (four ADM 1, four ADM 2 and one ADM 3) which were analysed by Py-GC. Highly specific features were observed in the lipid patterns of all ADM pyrograms, which could be identified by Py-GC-MS as triplets of isomeric alkenes (C, *-Cz0). The distribution of these alkenes correlated with the distribution of these dicarboxymycolates, from which the alkenes can be readily formed by pyrolysis (Wieten et al., 1984) . In all nine strains analysed by Py-GC, tuberculostearic acid was observed.
GC analysis of the products obtained by saponification of the lipids revealed methyl esters of mycocerosic or phthioceranic acids in three strains (8251,8507,8561) of group ADM 2, but not in two strains (8480, 8634) of group ADM 1; other strains were not examined.
Isolation and characterization of the mycobactins
Growth of ADM 3 strain 8637 was poor throughout, especially on iron-deficient media, giving insufficient cell yield to allow any mycobactin to be isolated. The other ADM strains grew profusely on the different media tested. The mycobactins isolated from these strains grown on both liquid and solidified glycerol/asparagine medium were analysed by TLC. As found by Hall & Ratledge (1984) , the mycobactins appeared to be identical irrespective of the growth conditions. Previous studies had already suggested a close relationship of ADM strains 8480, 8634 and 8837 to strains belonging to the MAIS complex. Some relationships with M. gordonae or M.JIavescens have also been found for ADM strains 8251,8563 and 8968. Mycobactins isolated from these organisms were therefore compared with those isolated from the ADM strains (Table 3) .
ADM 2 strains 8251 and 8563 gave the same typical multi-spot pattern with a four-spot pattern on systems I, I1 and 111. These results clearly differentiated the mycobactins produced by these strains from those of M. gordonae (Table 3) . Previous examination of the rapidly-growing mycobacteria had shown the mycobactins of M. flavescens to be heterogeneous (Hall & Ratledge, 1984) . However, none of the four strains which were examined previously showed much resemblance in their mycobactin patterns to the ADM 2 strains 8251 and 8563. Mycobactins isolated from the MAIS complex also had different RF values from those of strains 8251 and 8563.
The ADM 1 strains 8480 and 8634 and ADM 4 strain 8837 produced a spot pattern similar to strains belonging to the MAIS complex. Strain 8968 (ADM 5) produced spot patterns different from all the other ADM strains and from the reference strains mentioned in Table 3 .
Peptidoglycan analysis
The results of the amino acid analyses of walls from some ADM are shown in Table 4 . In addition to the amino acids and hexosamines listed, traces of aspartic acid, threonine, serine and leucine were detected (G0.1 molar ratio to DAP).
Characterization by pyrolysis mass spectrometry (Py-MS)
By discriminant analysis of the total batch of ADM mass spectra, subsets of features (discriminant functions) were obtained which gave insight into the relationships among the strains. Of the four discriminant functions (Dl, D2, D3 and D4) that were found to be statistically significant, D1 accounted for 87.3% of the total relevant variance (i.e. that proportion of the total variance in the data set that is meaningful in differentiating between strains). Relative to D1, strains from groups ADM 1 and ADM 3 formed a tight cluster and group ADM 2 strains another cluster, well separated from the former; strain 8507 was intermediate (Fig. 1) . On the remaining discriminant functions (D2, D3, and D4), some heterogeneity was apparent among strains of group ADM 2. Among the subset of features that are represented by D 1, sulphur-containing fragments were prominent, indicating an important role for sulphur components in differentiating the observed subgroups. The Py-MS spectra from two strains of M . gordonae and one strain of M . scrofulaceum were added to the ADM data set to show the relationships between these two species and ADM; for this purpose new discriminant functions were calculated. On each individual (new) discriminant function Dl, D2 and D3, a relationship between ADM, M . gordonae and M . scrofulaceum was observed, whereas on D4, ADM were separated clearly from the latter two species. Notably, combination of the scores on individual discriminant functions in two-dimensional discriminant plots, or non-linear mapping of the scores on all four discriminant functions, indicated that M .
gordonae, M . scrojulaceum and ADM are well separated.
Comparative reciprocal intradermal sensitin (CRIS) testing
The specificity differences of the pairs of sensitins of the strains are shown in Table 5 . Specificity differences of < 2 mm were found in the comparisons within three ADM 2 strains (8251, 8563, 8608) and specificity differences of > 2 mm in most of the others. Generally, the smaller the differences, the more closely related are the immunogenic structures under study. By means of the criteria for the utilization of the values of specificity differences of sensitins in classification reported previously (Magnusson & Mariat, 1968) , the three ADM 2 strains 8251, 8563 and 8608 belong to one and the same (unknown) species, and ADM 1 strain 8346 belongs to another unknown species. The ADM strains examined are distinct from M. avium, M. Jlavescens, M . gordonae, M . intracellulare, M . scrofulaceum and M . szulgai, and from the three other unknown species studied. The specificity difference of 2 mm found in the comparison between ADM 8563 and Mycubacterium sp. MNC 545 is remarkably small, indicating a close relationship between these two strains.
Metabolic studies Malate dehydrogenase. NAD-dependent malate dehydrogenase activity was sought in extracts of two ADM strains. In strains 8634 and 8251, activities of 259 mU (mg protein)-' and 370 mU (mg protein)-', respectively, were detected. Corresponding RF values in polyacrylamide gels were 0.73 and 0.71. The RF of M. leprae malate dehydrogenase in the same gels was 0-63 (see also Wheeler & Bharadwaj, 1983) . ADM and M . leprae malate dehydrogenases could be distinguished when 10 pg and 25 pg protein extracts, respectively, were run in the same gel.
Catabolism of oxygen free radicals. Superoxide dismutase was detected in all four ADM strains tested (8634, 8480, 8251 and 8968). All these strains had an isoenzyme of RF 0-67-0.69 in a polyacrylamide gel system in which the RF of M. leprae superoxide dismutase was 0.68 (Wheeler & Gregory, 1980; Wheeler, 1984a) . Additionally an isoenzyme of RF 0.35-0.39 (not present in M. leprae) was detected in three (i.e. not 8480) of the four ADM strains studied.
Catalase was sought and detected in two ADM strains (Table 6 ). This enzyme could not be Table 6 ).
F . P O R T A E L S A N D O T H E R S
Experimental pathogenicity for mice None of the seven ADM strains tested multiplied in the mouse foot pads. However, the bacteria remained alive in situ, retrocultures being positive one year after inoculation. After intravenous inoculation, ADM 2, ADM 3, ADM 4 and ADM 5 strains were not pathogenic for mice, while two months after the inoculation, ADM 1 strains produced granulomas in the liver with numerous extracellular acid-fast bacilli.
DNA relatedness
ADM strains were separated into four groups on the basis of their DNA relatedness ( Table 7) . Strains 8346, 8480, 8634, 8668 (ADM 1) and 8637 (ADM 3) showed high levels of relatedness ( > 90%). The second group consisted of strains 8251, 8563, 8608 and 8698 (ADM 2), which showed 81-97% relatedness to each other, but 24-37% relatedness with the strains of the first group. The third group comprised strain 8837 (ADM 4), which showed about 25% relatedness with the first and second groups. The fourth group comprised strain 8968 (ADM 5), which showed 34% homology with ADM 2 strain 8251, and 23% with ADM 4 strain 8837. All ADM strains showed low levels of relatedness (6-51 %) with selected strains of established species of mycobacteria, although 8837 and 8968 were only hybridized with two mycobacterial DNAs in the present study ( M . scrojulaceum P29 and M . gordonae ATCC 14470).
D I S C U S S I O N
The 17 ADM strains formed five homogeneous groups on the basis of cultural, physiological and biochemical properties. Although these strains shared properties with other scotochromogenic mycobacteria, they differed from all other mycobacteria on the basis of the characters listed in Table 2 .
The value of mycolic acid analysis in mycobacterial systematics has already been attested (Minnikin & , 1985) . The patterns reported here emphasize the significance of mycolic acid patterns. Indeed, the patterns of mycolic acid methyl esters recorded for ADM 1 and ADM 2 strains were unusual in showing the presence of a-, methoxy-, keto-and dicarboxymycolates; a similar pattern has only been recorded previously for the saprophytic species M . komossense (Minnikin et al.,  1 9 8 5~) . The two ADM 3 strains also showed a very unusual mycolic acid pattern, with the absence of a-mycolates and the presence of keto-and dicarboxymycolates. The majority of mycobacteria studied so far contain a-mycolates (Daffe et al., 1983; Minnikin et al., 19846; 1985a, b) but M . duvalii strains have minor amounts of a-mycolates (Minnikin et al., 1985a) . The sizes of the keto-and dicarboxymycolates in ADM 3 strains corresponded to those found in other mycobacteria, confirming that they belong to the genus Mycobacterium. The ADM 1 and ADM 4 strains and the ADM 2 and ADM 5 strains differed in their mycolic acid composition ( Table 2) . Similarly, genomic differences were observed between ADM 1 and A D M 4 strains (25% D N A relatedness) and between ADM 2 and A D M 5 strains (34% D N A relatedness). This again emphasizes the importance of mycolic acids as chemotaxonomic characters. Polars lipid profiles also confirmed that ADM 1, 2 and 3 strains formed three separate homogeneous groups with lipid patterns that do not coincide with any other mycobacteria known at present.
The mycobactins are useful chemotaxonomic markers for the identification and classification of the mycobacteria . By examination of these compounds, ADM 2 strains (8251 and 8563) were readily differentiated from those species previously thought to be closely related, namely M . gordonae, M . jlauescens and mycobacteria belonging to the MAIS complex. By their mycobactin structures, ADM 1 strains (8480 and 8634) and ADM 4 strain 8837 are related to the MAIS complex and ADM 5 strain 8968 seems to differ from the other ADM strains and reference strains tested so far. A recent HPLC study of mycobactins showed that ADM 1 and 4 strains were indistinguishable from the MAIS group, and that ADM 2 strains synthesize a unique mycobactin different from that of any other species examined.
CRIS testing showed the ADM 2 strains (825 1,8563 and 8608) to be distinct from the A D M 1 strain 8346 and from M . gordonae, M.jiavescens, M . szulgui and the mycobacteria of the MAIS complex.
The results of the D N A studies corresponded to those of the phenetic data for all strains except the ADM 3 strain 8637. Although this organism differed from ADM 1 strains in its cultural, physiological and biochemical characters, it showed a high level of D N A relatedness (98-100%) with the ADM 1 strains 8480 and 8634 ( Table 7) . The results obtained by Py-MS (Fig. l) , and the presence of mycosides C, also classified 8637 in group ADM 1. However, the difference in the mycolate patterns was mainly quantitative, insofar as the presence of a small amount of a-mycolates was demonstrated in strain 8637. Interestingly, 8637 was isolated from the same armadillo tissue as ADM 1 strains 8346, 8480 and 8483 (Table 1) . Strain 8637, like 9091 (ADM 3), was difficult to grow in vitro, causing difficulties in obtaining sufficient bacterial cells for analyses. This could have had some influence on the results of the mycolate determination. It was observed that the fast-growing M. duualii showed a mycolate pattern (different from those of ADM) poor in a-mycolate but modified by culture growth conditions. Considering the great discrepancies between the phenotypic and the genomic characteristics, the ADM 3 strains should be studied further. However, discrepancies between genomic and phenotypic characteristics are not unusual and species which differ phenotypically may show high DNA relatedness. This is the case for M. tuberculosis and M. bouis (Bradley, 1972 (Bradley, , 1975 Baess, 1979; Imaeda, 1985) , M. avium and M . fepraemurium (Imaeda et a f . Athwal et al., 1984) , M . scrofufaceum and M . xenopi (Imaeda, 1985) , and ' M , lufu' (Portaels, 1980a, 6 ) and M. asiaticuM (Imaeda & Tsukamura, 1985) . Conversely, strains classified in groups ADM 1 and 4 or ADM 2 and 5, which were very similar phenotypically, showed little DNA homology. This was also observed with M. avium, M. intraceflulare and M . scrofufaceum, which are combined in a single complex (MAIS) on the basis of phenotypic characters but which show low DNA relatedness among themselves (Baess, 1983; Imaeda & Tsukamura, 1985) . Phenotypically, the ADM strains might be classified into five homogeneous groups, different from all other known mycobacteria. According to DNA studies, these ADM are classified in four homogeneous groups which differ from all other cultivable mycobacterial species mentioned in Table 7 .
Both groups ADM 1 and ADM 2 are composed of strains isolated from different animals ( Table 1 ) and should be regarded as representing two novel species of mycobacteria. Since ADM 4 and ADM 5 are each represented by only one strain, more strains of these groups should be analysed before it can be suggested that they might constitute new species of mycobacteria.
Many characters permit differentiation between the ADM strains and M. feprae. Firstly, the ADM are cultivable in vitro on conventional media, although some of them require special ingredients (e.g. Ogawa egg yolk medium without malachite green for the ADM 3 strains). Pyridine extraction of acid fastness is not a specific character for the identification of M. leprae; indeed, the two ADM 3 strains lost their acid fastness after treatment with fresh pyridine and it has been demonstrated that some other cultivable mycobacteria (M. vaccae, M. phfei) also conform to this test (Dutta et al., 1983) . Conversely, the mycolic acid composition clearly differentiates M. feprae from the other mycobacterial species and from the ADM. With the exception of some substrains of M. bovis BCG (Minnikin et al., 1984b) , M . feprae is the only species which produces only a-and ketomycolates (Minnikin et al., 1985b) . The analysis of glycolipids also differentiated the ADM from M. feprae. Moreover, in a recent study , it has been shown that none of the ADM contained the phenolic glycolipid specific to M. leprae (Hunter et al., 1982; Minnikin et al., 1985~) . Peptidoglycan analyses also differentiated the ADM from M. leprae. In M . feprae glycine occurs in the peptidoglycan in about the same molar proportion as DAP, while the molar proportion of alanine is less than 1 (Draper, 1976, and unpublished observations) . The peptidoglycan of ADM apparently resembles that of other mycobacteria in amino acid composition (Lederer, 1971) . It should be noted that 'pure' mycobacterial peptidoglycan should contain about 1 pmol DAP mg-'. The material described here contained only 15% of this amount, largely because, on account of the small quantities obtained, the walls had not been freed from arabinogalactan and mycolic acid. Strain 8511 (ADM 2) contained a molar excess of glutamic acid and ammonia, which would be consistent with the presence of wall-bound, partially amidated polyglutamic acid as described for some other mycobacterial strains (Vilkas & Markovits, 1972) . Further analyses with material less contaminated with non-wall amino acids would be needed to confirm this. The ADM were also distinguished from M. leprae on the basis of some enzymes sought during the study of the intermediary metabolism of M. leprae (Wheeler, 19846) . The malate dehydrogenases from M. feprae, ADM, and armadillo liver have different mobilities in polyacrylamide gels, so any malate dehydrogenase with RF # 0.63 is likely to be from a source other than M. leprae. Catalase in ADM was similar in electrophoretic mobility to catalase in armadillo liver, but, in contrast to the liver enzyme, activity could be detected during incubation of ADM catalase with 100 m~-3 -aminotriazole. Catalase could not be detected in NaOH-treated M. Ieprae (Wheeler & Gregory, 1980) so its presence in suspensions of bacteria after treatment with NaOH (0.5 M, for 30 min, at 25 "C) would suggest ADM. Taxonomic studies could be developed by comparing immunological distances (Wayne & Diaz, 1979) of ADM with each other, and with other mycobacteria. The absence of multiplication of the ADM in mouse foot pads and the low levels of DNA relatedness with M. feprae (617%) also confirmed that they are different from M. feprae.
Resulting from this study, it is possible to differentiate the ADM studied from M. leprae by cultural, biochemical, metabolic and pathogenic properties. Specific chemical markers, absent in M. feprae, have been detected in ADM : there are long-chain alcohols associated with the dicarboxymycolates that may be detected by GC as 2-octadecanol or 2-eicosanol after hydrolysis or methanolysis, or as alkenes by Py-GC of their esters. It has recently been demonstrated that the detection of such markers may be used to check the mycobacterial purity of M. leprae preparations. In the M. feprae suspensions tested up to now and purified from armadillo tissues using the so-called Protocol 1/79 (World Health Organization, 1980) , neither eicosene nor eicosanol was detected (Wieten et al., 1984; Larsson et a/., 1985) .
If the M. feprae-infected armadillo tissues are contaminated by mycobacteria which do not produce dicarboxymycolates and long-chain alcohols (as was recently demonstrated by Portaels et af., 1985) , other specific markers should be sought in order to detect all possible types of contamination. In view of this, the use of monoclonal antibodies against M. leprae and against cultivable mycobacteria was also recently proposed (Kolk et al., 1985) . Enzymic markers, especially dehydrogenases -which are easily visualized after separation on electrophoretic gels -may also be useful to detect contaminants in armadillo tissue. It may be expected that more of these enzymes will be partially characterized (like malate dehydrogenase) in armadillo-grown M. feprae as studies on metabolism progress.
Since it is now possible to distinguish M. leprae from other mycobacterial species by the features analysed in the present study, any organism cultivated from M. leprae-infected tissue should be submitted to similar studies in order to evaluate its degree of relatedness to M. feprae and before claiming that it is M . leprae.
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